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Summary

1. Purpose

The purpose of this project is to realize the recycling of carbon fiber (CF) and photovoltaic panel
(PV panel) as a sustainable business early. Thereby, we promote substitute of natural resources
and reduction of landfill disposal amount. And we contribute to the prolongation of the landfill site
and the reduction of the energy origin carbon dioxide. To achieve the purpose mentioned above,
we aim for early realization of sustainable recycling scheme of CF and PV panel wastes—by
development of the recycling facilities which can handle both CF wastes and PB panel wastes and
by new application development of recycled CF.

Fig. S-1 shows the sustainable recycling scheme that we aim for.

Raw materials Recycled Products
Purchase 2 t
\ *Aircra
-Heavy industry | Wastes of CFR/PVR ' Sales  -Car
-é:to.mqtlve gl'\:nlzp’ —  Common use | *Home electric
= CF virgin , | li
) . plant (furnace ARpHANEe
etc. etc. \ ,p ( ) +building material
’ *Parts maker
Industrial wastes —> Glass caret = Glass maker |
PV panel ‘

ﬁéﬁ PV | Selec- Recycled ' &
ﬁ‘ panel > r = | Smelting maker
| ueh —)I Reused | _ Ag(Si) |

wastes c
“Mega solar - Visual inspection =
*H tti = 1
Sl aReND - Testing equipment Used 5 Used
supplier market

Fig.S=1. The sustainable recycling scheme of carbon fiber & PV panel wastes
using the common facilities

2. Qutlines of our project
We set 8 subjects to realize the recycling of CF and PV panel as a sustainable business early.
The outlines of our project are mentioned below.
2.1 The common pilot plant construction and demonstration experiments
The purpose in this section is to construct the common plant to recycle both CF wastes and PV
panel wastes.
2.1.1  The concept of common pilot plant
i ) Heating gas: We selected superheated steam (SHS). SHS-has high heat transfer
efficiency, and high cracking ability for resin.
ii ) Sealing method of furnace entrance/exit: We selected a special sealing structure and
nitrogen gas blow. This system enables the height of entrance/exit higher for disposal of
bulky CFRP waste.
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iii) Transportation method: We chose mesh belt type which has-good ventilation of hot gas
and good heat transfer.

iv) Thermal recycling method: We did not adopt thermal recycling method because of small
amount of burning resin (on the other hand, we have successful results of thermal
recycling at PV panel recycling pilot plant for 7 years).

2.1.2  Specifications of common pilot plant

The constitution of the common use pilot plant is shown in fig. S-2 schematically.

Superheated steam
Sample [Sealing [ Furnace ] 5 Sealing
Zone Cooling Zone Zone Mesh belt

The direction of belt moving . . _ s—

Fig.S-2. Common use pilot plant

The maximum temperature of heating furnace is 700 degree C. An atmosphere in the furnace
is ordinarily superheated steam, but can be switched to nitrogen. The sealing is by special sealing
structure and nitrogen gas as described above, and vertically movable shutter enables us to
adjust-sample size. The trasportation method is a mesh belt type, and the trasportation speed is
adjustable from 1 to 7m/hr. The capacity of the common pilot plant is around 200 metric ton per
year on the basis of processing CFRP wastes. In the case of PV panel recycling, the capacity is

around 2,150 metric ton per year.

2.2 Results of demonstration experiments using the common pilot plant
2.2.1 PV panel processing
We examined PV panel wastes recycling by the heating of the superheated steam. In the
simulation, the surface temperature of PV panel glass was expected with 20% up of
temperature rise rate under superheated steam atmosphere. The temperature inside the
furnace was set with the temperature profile that heat shock does not occur, because the
structure is made possible by the electric heater of the temperature rising part. In this state,
we made an experiment with 15 sheets. We were able to prove that glass can be processed
without breaking 15 pieces.
2.2,2 Thermal decomposition treatment of waste CFRP
In the pilot furnace, the temperature—time was set based on the fact that it can be processed
at 600 degree C-30minutes in the compact continuous furnace test superheated steam and
nitrogen atmosphere heating were performed. It was confirmed that CFRP can be processed at

a predetermined temperature—-time. As a result of the resin residue analysis, it was proved that
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the same processing as the conventional one is possible with an average of 13 wt% (CV3%).
Moreover, it was confirmed that the result of the CF intensity measurement was also the same
as the measurement result of the batch furnace. It was confirmed from the above that
productivity is as designed.
2.2.3 Measurement of utility consumption and heat loss

Utility consumption and heat loss of common pilot plant were measured at start—-up and at the
stable operation. The results were as followed. The electric consumption was about 88 kwh,
the LPG consumption about 3.3 m3/h, and the water consumption was 0.02 m3/h at the
start-up. The time required to shift to continuous processing is 3 hours. On the other hand, the
electric consumption was about 60 kwh, the LPG consumption was about 2.4 m3/h, and the
water consumption was 0.02 m3/h at the stable operation. As the quantity of heat loss,
although furnace body surface temperature was around 55 degree C (234kcal/m2, hr) at the
design. the surface temperature of eight points of furnace body averaged 53~54 degree C

and the heat loss amount exceeding the design was not found even in actual measurement.

2.2.4 Examination using a batch furnace and small consecutive furnaces

In order to investigate the heat treatment condition of waste CFRP and check the quality of
recycled CF, we conducted a study using a batch furnace and a small continuous furnace. The
processing temperature, the processing time and the quality (fiber strength, residual resin
amount) required for CF regeneration treatment was studied. Based on the results, the thermal
decomposition conditions were determined for four types of raw materials (SMC sheet, CFRP,
prepreg, PV panel). Regarding the CF waste material, the primary condition was set to 600
degree C X 30 minutes in the superheated steam atmosphere and the secondary condition
was 500 degree C X 30 minutes in the air as the standard condition. Regarding the PV panel
waste, the primary condition was a condition of 500 degree C x 10 minutes in a superheated
steam atmosphere and a standard condition of 500 degree C x 10 minutes in air for the second

treatment.

2.3 The survey of CF wastes (raw materials for CF recycling)

For the purpose of securing CFRP waste materials that are both superior in quality and quantity
and continuously available, we visited 19 manufacturers, including manufacturers of CF and CFs,
automobiles, processing manufacturers, etc., investigated. In addition, samples such as end
materials were obtained and quality analysis was carried out. From these results, those available
as raw materials are shown in Table S-3. .

In addition, we got the prospect of obtaining raw materials from heavy industry, automobile,

chemical (new CF manufacturer). In addition, sports goods, hydrogen tanks, processing makers,
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etc. are generated in a small amount and there are problems in terms of quality (contamination of
foreign substances other than CF cannot be avoided), which proved to be unsuitable as a raw

material.

Table S-3. Survey of CF wastes (raw materials for CF recycling)

Industry Typ

€

category

Amount of CF wastes per year

Automotive industry

Scrap materials

around 100 metric ton

Heavy industry

Scrap materials

around 1,000 metric ton

Chemical industry

Scrap intermediate
products

several hundred metric ton

Processing maker

- several ~ tens of metric ton

2.4 The survey of market for recycled CF products

A survey was aimed for a use investigation by hearing to replace virgin CF and other

resources. For the exit, we selected a company to hear the possibility of adopting CF recycled

materials and conducted a survey similarly to the entrance. Sample work was carried out to

automotive companies, consumer electronics manufacturers, OA equipment manufacturers,

chemical companies, building material manufacturers, which are likely to be used from among
them. As a result of sample work, we confirmed that the demand can be expected from 50 to

150 tons per year in chemical manufacturers, and several 10 tons to 100 tons a year in

automobile manufacturers or processing makers.

We assume that the closed loop of the

automotive industry is formed in the long term. The result of estimated exit quantity of
recycled CF market is shown in Fig. S-3.
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Fig.S-3. Demand of recycled CF
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2.5 The survey of PV panel wastes (raw materials for PV recycling) and PV panel reuse
evaluation method
The survey was aimed for construction of the PV panel recycling business model and PV panel
reuse evaluation method
2.5.1  The trend of the quantity of PV panel collection in Kyushu and Yamaguchi aria
A box in 19 places of the Kyushu Yamaguchi area is now installed under PV panel wide
collection business. In the investigation period from December/2016 to December/2017, the
number of collected PV panel was approximately 100 sets a month on average with 1,221 sets
in total. Besides this, there were inquiries such as 5,200 large, 3,950, 4,000, etc. together, and
when these were combined, the number of waste PV panels generated during this investigation
was about 15,000. According to the report by the Kyushu Bureau of Economy, the anticipated
amount of 2017 PV waste in the Kyushu-Yamaguchi area was 50,000 sets of PV panel.
The 15,000 sets of PV panel was equivalent to around 30% of approximately 50,000 sets of
the 2017 disposal possibility. In this feasibility study (F/S) of business, our share was assumed
20% of the disposal of Kyushu and Yamaguchi area possibility.
2.5.2 Investigation of evaluation method to evaluate PV panel reusability
Whether PV panels can be reused or not is checked by visual inspection of the appearance of
the collected panels, and inspection is carried out according to the following procedure with
respect to those without deformation of the panel or glass breakage.
-procedure 1 :cleaning panel (removing surface dirt)
-procedure 2:measuring insulation resistance (leakage test)
-procedure 3: IV inspection, EL inspection
After the inspection mentioned above, we reuse the PV panel in criteria as a reuse product.

3 LCA evaluation
3.1 Environment effect evaluation procedure
The environmental effect of this operation was calculated in the next procedure.
-procedure 1: Estimating the domestic quantity of CF wastes and PV panel wastes
‘procedure 2: Estimating the quantity of our company’s plan to deal the wastes (business
scale)

As for CF recycling, we collected information through user hearing. As for PV panel
recycling, we referred to the report that was carried out by FAIS and Kyushu economy industry
agency in 2017.

-procedure 3: Using the value of energy consumption rate that was reported by NEDO in 2010
-procedure 4: Calculating the environmental effect when our recycling business starts

Our operations improve a rate of operation by commoditizing CF and PV recycling and aim for
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early realization of the business. Commercialization time in case of CF alone and
commercialization time by common use of CF and PV were estimated by doing F/S. And we
calculated the accumulative environmental effect by the wastes throughput increase by
bringing forward a business start. Moreover, we estimated the environmental effect by
calculating the difference of production energy between virgin CF and recycled CF. In the case
of PV panel recycling, we also estimated the environmental effect by calculating the difference
of production energy between natural resources and recycled glass.

-procedure 5: Calculating the environmental effect when we expand procedure 4 method

nationwide.

3.2 Domestic discharge forecast of CF wastes and PV panel wastes
Fig. S-6 shows the trend of domestic discharge forecast of CF wastes. Fig.S-7 shows that of

PV panel wastes.
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Fig.S-6. Domestic discharge forecast of CF wastes
Source: Shinryo Corporation
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Fig.S=7. Domestic discharge forecast of PV panel wastes

Source :NEDO/Mizuho Research Institute report

22



3.3 Our company’s wastes disposal plan
Fig.S-8 shows our company’s CF wastes disposal plan. Figures on graph are the quantity of
CF wastes that we calculated according to procedure 2 mentioned above. Fig.5-9 shows PV
panel wastes disposal plan. The throughput of PV panel wastes assumed it 20% of quantity that

shown in Fig.S-7
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Fig.5-8. Our company’s CF recycling quantity of plan
Source: Shinryo Corporation
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Fig.5-9. Amounts of PV panel wastes in Kyushu and Yamaguchi area

Source :NEDO/Mizuho Research Institute repot

3.4 Results of LCA evaluation
Table S-4 shows the environmental effect (CO2 reduction effect) when we start the business
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of CF and PV panel recycling early. The table also shows the information about reduction of

building plant, factory building down-sizing, rate of operation up by the change loss reduction

and so on.
Fig.S—10 shows our environmental effect of the annual.

Table S-4. Our environmental effect

CO, reduction effect Common recycling plant
(based on our business model) (ton)
Effect of starting business early 26,344
18,000
16,000
14,000
~ 12,000
5
> 10,000
AT -
QN 8,000 —&—Individual plant
o 6,000 - ./. , —i—Common plant
4,000 Effect of startinq/
business early
2,000
0 = T T T T T T T T
Q AN AN D A H o0 A D O 0
v J7 V&Y J' VYD
S P S SR N

S-10. Our CO2 reduction effect

For reference, one line of equipment by common use brings LCA effect (reduction of equipment
and material, construction reduction, reduction in the area of the factory building) . As a result, the
effect of reducing equipment and materials and construction work: 15 tons, the effect of

shrinking factory buildings: 13 tons, totaling 28 tons.
3.5 Contribution degree to a material-cycle society

Fig.S-11~13 show environmental effects when we expanded CF and PV panel recycling

nationwide.
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Fig.S-11. Quantity of CO2 reduction (unit: ton)
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Fig.S-13. Quantity of landfill volume reduction (unit: m3)
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3.6 The further spread of low-carbon products
It is concerned that CF and PV waste will become the big environmental problem in the
future, so the commercialization of CF/PV recycling will be a clue to solve simultaneously.
From the above, the spread of low—carbon products is expected at the following point of view.
- The spread recycled CF materials of the low energy basic unit
‘Improvement of the mileage such as cars by expanding the application of recycled CF
materials
- The spread of low—carbon glass with the spread of recycled PV panel materials

-Promotion of the PV spread that is renewable energy

4 Business-related evaluation
4.1 The consideration on cost and investment recovery period
It was aimed for a CF/PV recycling business evaluation with the real production scale.

At present, raw materials waste gathers enough in neither CF recycling nor PV panel recycling.
So it will be late at the commercialization time and a disposal period will be prolonged if we start
recycling business in each individual treatment. Therefore, we evaluated feasibility in the case of
individual treatment and in the case of common use. Moreover, we estimated the time when the
business can be started.

Fig.S-14 shows the CF reproduction cost in the case of common use plant when CF
reproduction cost is considered to be 100. As shown in the figure, it is estimated that the cost
reduction effect is about 30% of the reproduction cost due to common use of equipment.

Fig.S-15 shows the PV reproduction cost in the case of common use plant when PV
reproduction cost is considered to be 100. As shown in the figure, it is estimated that the cost
reduction effect is about 60% of the reproduction cost due to common use of equipment.

The main reason is the reduction in fixed costs due to the increase in occupancy rate by common
use. In addition, as a result of estimating the investment collection period, it is within the
investment collection period that CF business recycling alone can begin business after 2024 on a
shared reactor base or after 2020 on a shared reactor base (see Figure S-16). On the other
hand, we judged that the business of PV recycling alone is unrecoverable for investment before
2030.

From the above, it is concluded that in the case of CF recycling and PV recycling alone, the
project start year is after 2024, but in the common furnace the project can be started from

2020. Investment recovery impossible
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4.2 Consideration on raw materials and demand of CFR and PVR

Regarding raw material securing of CFRs, from the viewpoint of quantity and quality, specs out
products from the CF manufacturing process at group companies and major CF users are
targeted. Considering the CF processing volume of the common plant being demonstrated in our
project, the CFRP disposal volume of 1,000 tons per year is adequate.

In the long term, scrapped cars and waste aircraft will also be subject to recycling. Their
manufactures are strongly speculated that they want to recycle their end materials specs out
products themselves (to form a closed loop).

Regarding demand for CFR, it is expected that chemical manufacturers produce 50 to 100 tons
per year, automobiles, processing manufacturers and others around several 10 to 100 tons. In
the long term, we assume that a closed loop in the automotive manufacturer is formed.

Regarding raw materials for PVR, the initial defective products or the damaged products due to
a disaster etc. will be processed for the time being. Those quantities are sufficient to be handled
in the common plant being demonstrated in our project. Also, since waste PV panels are picked up
as industrial waste, if the industrial waste disposal expenses assumed at the present moment
(current actual disposal price) are accepted, it is possible to do business sufficiently.

On the other hand, current demand for recycled PVR is the glass fiber raw material for building.
In the future, it is required to return it to the glass maker as glass cullet. However, at this time it

is difficult to supply the amount recycled required by plate glass manufactures.
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5 OQur project’s status of achievement

Table S-5 shows the brief of our operation for this project.

Table S-5. The brief of our operation

item

subject

status of achievemnet

*Building of common pilot plant
-Demonstration experiment

Large—scale facilities construction costs,
Examination of the running cost, Checking
furnaces materials, Operation method,

-Large—scale facilities construction costs approximate completion.
Driving method completion.
*Running cost estimation completion

Examination using a batch
furnace and small type
consecutive furnaces

Processing temperature, Processing time,
Confirmation of the quality (fiber strength,
quantity of resin residual substance)

*Processing temperature, time fixed
*Physical properties of recycle carbon fibers, quantity of resin residual
substance and compound product measuring finished

Survey of CF wastes (raw
materials fo CF recycling)

*Investigation of CF wastes from the group
companies

*Investigation of CF wastes from major
customers of group companies
=Investigation of identified CF wastes from
the market

* CF intermediate product wastes from the Mitsubishi chemical of the parent
company obtained

* CF wastes from a car manufacturer obtained

- CFRP wastes from a company started to purchace

Survey of market for recyled CF
products

= Survey of uses of recycled CF
*Examination of the superiority (hypothesis)
+Intelligence by the company hearing

*Surveing recycled CF’'s use by company hearing (e.g. a car, a plane, a
household appliance, building materials, a hydrogen tank, sporting goods, a
material processing maker)

= Possibility of supplying good cost performance recycled CF

*Collection of most recent and future exit information from several candidate
customer 20

PV panel wastes recycling

Establishment of the temperature condition
to prevent “the breaking” of the panel
*Reduction of the quantity of impurities
residual substance

=Grasp of the quantity of PV panel wastes
collection in Kyushu Yamaguch area
*Reuse panel evaluation method
investigation

PV glass panel simulation completion of the temperature condition

= Collection of PV panel wastes of Kyushu Yamaguchi area results data grasp
completion

-Investigation of intelligence about the reuse panel evaluation method by a
reuse supplier completion

LCA evaluation

LCA reduction effect by the common
CF/PV recycling plant reduction
confirmation

- LCA reduction effect confirmation by the CF/PV common plant
*The accumulation CO2 reduction quantity by the early industrialization test
calculation is 26,370 tons

Business-related evaluation

-CF/PV alone recycling cost grasp
*Recycling cost grasp in the common use
furnace

*Expectation of the business start possibility|
year

-Business profitability grasp

*CF/PV alone recycling cost test calculation completion

*Recycling cost test calculation completion in the common use furnace

In the case of a common use furnace, a business start is possible from 2020.
The investment payback period at that time is four years

=In the case of CF, PV recycling alone, it becomes the business start from
after 2025

29




6 Our future plan

Fig. S-16 shows our future business plan.

Subject 2018 (FY) 2019 (FY) 2020 (FY) 2021 (Fv)
4
Preparation of Sample work based on the common plant
business start
(Construction of INVEgM_ENT e —— L 4 Slae reltmee:
large-scale plant) JUDGMENT| large-scale plant

i i
Future business | - : : < =
R&D R&D Stage-up ~ Masg production trial Beginning sales

Reuse panel e ]

business Reuse PV panel sales felease
Preparation of _A EEsa———
- - : uthori-
p||c_>t business Industrial waste — °_ 1 Recycled PV panel
using CF/PV facilities application sales release based on
common plant the common plant

Fig.S-16. Our future business plan

The future tasks of CF recycling and PV recycling are assumed as follows.

Regarding recycled CF, from the viewpoint of quality assurance, it is preferable to use CF
wastes from specific routes in which the CF type and presence or absence of contamination are
known. However, in the future recycling of large amounts of CFRP on the market, it is desirable
to develop sorting collection schemes and develop contamination inspection and removal
techniques. Especially, it is desirable to develop not only CF recovery but also other recycling
methods that can recover other materials such as steel and aluminum that are used at the same
time, in order to make multi-material that is supposed to progress in automobile applications. In
addition, in order to promote the use of recycled CF, it is desirable to standardize regeneration CF
at an early stage.

Regarding PV panel recycling, the reuse business will be preceded. After that, it is desirable to
build a business model at an early stage that uses high quality PV panel recycled materials as a
glass cullet that produces less CO2 at manufacturing time than conventional glass. By doing so,
it is thought that it can solve the problem of recyclability, which is one of the obstacles to the
spread of PV and can further contribute to the reduction of environmental burden.

The end
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